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Abstract
The tensionless string theory with perimeter action has pure massless spectrum of higher-
spin gauge fields. The multiplicity of these massless states grows linearly. It is therefore
much less compared with the standard string theory and is larger compared with the field
theory models of the Yang-Mills type. It is important to define nontrivial interaction be-
tween infinite amount of massless particles of the perimeter string theory. The appropriate
vertex operators were defined recently and I study the lowest order vertex operators and
the corresponding scattering amplitudes in tree approximation. I emphasize the special
importance of the vertex operator for fixed helicity states.
1E-mail: georgios.savvidis@cern.ch
1 Introduction
A string model which is based on the concept of the surface perimeter2 was suggested in
[1, 2, 3]. At the classical level the model is tensionless [3] and has a pure massless spectrum
of infinitely many integer spin fields [1, 2]. It was demonstrated in [2, 4] that unphysical
states are eliminated by the Virasoro and additional Abelian constraints appearing in the
model. The analysis of the first three lower levels of the physical Fock space F shows that
the fixed helicity states F0 and the first two excited states F1,2 are well defined and have
no negative norm waves. The level F0 of fixed helicity states is infinitely degenerate and
contains massless particles of increasing tensor structure Aµ1,...,µs(k), where s = 1, 2, ...,
while the first and the second levels F1,2 are physical null states
3. It was conjectured in
[2] that all excited states Fn (n 6= 0) represent physical null states realizing continuous
spin representations of the Poincare´ group and define large gauge transformation of the
fixed helicity states F0.
The next important issue is connected with the interaction of these massless fields. The
above analysis of the physical Fock space imposes strong restriction on the possible form
of interactions. Indeed only the subspace F0 represents the propagating physical fields,
therefore while introducing interaction into the perimeter string model it is important to
demonstrate that nontrivial transitions amplitudes are only between fixed helicity states
F0.
The solution of this problem may shed some new light to the old problem of the
existence of consistent interaction of massless particles of higher spin fields in flat space-
time [16, 17, 18, 19]. The recent attempt to construct the appropriate vertex operators
for the perimeter string model was made in [6].
The general form of the suggested vertex operators is given by the formula [6]:
U
µ1µ˜1...,...µjµ˜j
k,pi (ζ) =: ∂
m1
ζ X
µ1 ∂m˜1
ζ¯
X µ˜1 ... ...∂
mj
ζ Π
µj ∂
m˜j
ζ¯
Πµ˜j e ik·X(ζ)+ipi·Π(ζ) : (1)
where the canonically conjugate operators are [1] : Xµ = 1
2
(XµL(ζ
+) +XµR(ζ
−))
XµL = x
µ + πµζ+ + i
∑
n 6=0
1
n
βµne
−inζ+,
XµR = x
µ + πµζ− + i
∑
n 6=0
1
n
β˜µne
−inζ−, (2)
and P µτ = ∂τΠ
µ, where Πµ = 1
2
(ΠµL(ζ
+) + ΠµR(ζ
−))
ΠµL = e
µ + kµζ+ + i
∑
n 6=0
1
n
αµne
−inζ+,
ΠµR = e
µ + kµζ− + i
∑
n 6=0
1
n
α˜µne
−inζ−. (3)
The basic commutator is of the form [XµL,R(ζ
±), ∂±Π
ν
L,R(ζ
′±)] = 2πiηµνδ(ζ± − ζ
′±) and
the following commutator relations hold for the oscillators αn,βn
[eµ, πν ] = [xµ, kν ] = iηµν , [αµn, β
ν
l ] = n η
µνδn+l,0,
2For the perimeter action SP = (m/4pi)
∫
dτdσ
√
(∂2X)
2
we shall use physical units in which m=1.
3In Appendix I discuss the origin of this phenomena at the classical level.
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where αµ0 ≡ k
µ, βµ0 ≡ π
µ is a pair of momentum operators. The momentum kµ is the
standard space-time momentum operator, the πµ is a new momentum operator conjugate
to the polarization vector coordinate eµ [1].
Using the world-sheet energy momentum operator [1] T (ζ) = − : ∂ζX · ∂ζΠ : one can
compute the anomalous dimension of the vertex operators in (1) [6]:
∆ = 2(k · π) +m1 + m˜1 + ...... +mj + m˜j. (4)
It must be equal to 2 in order to describe emission of physical states, therefore the corre-
sponding poles are at the points
(k · π) = 1− (m1 + m˜1 + ......+mj + m˜j)/2 , (5)
(the conformal spin should be equal to zero, therefore m1 + ...+mj = m˜1 + ... + m˜j).
The two lowest order vertex operators of conformal dimension two are the Vk,pi oper-
ator:
Vk,pi(ζ) =: e
ik·X(ζ)+ipi·Π(ζ) : (k · π) = 1
and the Uk,pi operators of the type m = m˜ = 1:
Uµνk,pi(ζ) =: ∂ζX
µ ∂ζ¯Π
ν e ik·X(ζ)+ipi·Π(ζ) : (k · π) = 0.
The Uk,pi operators are of the essential importance, because for them (k · π) = 0 and they
create fixed helicity states F0 [2]. Indeed the square of the Pauli-Lubanski vector of the
Poincare´ group is W = (k · π)2 = Ξ2 and defines fixed helicity states, when W = 0 and
continuous spin representations-CSR, when W 6= 0 [7, 8, 1, 2].
The aim of this article is to compute the residues of different poles in the scattering
amplitudes defined by the above vertex operators and to derive consistency conditions
under which all transition amplitudes to the CSR states from fixed helicity states are
vanishing. In the next sections I shall present necessary material from [6] and shall derive
the consistency conditions under which the residue of the transition amplitude from fixed
helicity state Uk,pi(0)|0 > to the CSR state Vk,pi(0)|0 > is equal to zero.
2 The Lowest Order Vertex Operators
Let us consider the lowest order vertex operators in (1), which have been defined as Vk,pi
and Uk,pi operators in [6]. The most lower order vertex operator Vk,pi has the form:
Vk,pi(ζ) =: e
ik·X(ζ)+ipi·Π(ζ) : (k · π) = 1 (6)
and at the next level there are three relevant operators with m = m˜ = 1 [6]:
UµνXX(k, π, ζ) = : (∂ζX
µ ∂ζ¯X
ν + ∂ζ¯X
µ ∂ζX
ν) e ik·X(ζ)+ipi·Π(ζ) :
UµνXΠ(k, π, ζ) = : (∂ζX
µ ∂ζ¯Π
ν + ∂ζ¯X
µ ∂ζΠ
ν) e ik·X(ζ)+ipi·Π(ζ) : (k · π) = 0
UµνΠΠ(k, π, ζ) = : (∂ζΠ
µ ∂ζ¯Π
ν + ∂ζ¯Π
µ ∂ζΠ
ν) e ik·X(ζ)+ipi·Π(ζ) : , (7)
so that the general form of the fixed helicity state vertex operator Uk,pi is given by the
linear combination of these operators
Uk,pi = ωµνU
µν
XX + 2ϕµνU
µν
XΠ + χµνU
µν
ΠΠ, (8)
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where ω(k, π), ϕ(k, π) and χ(k, π) are polarization tensors, or in our case it will be more
precise to call them coupling constants.
There are two types of constraints which are imposed on the physical states and
transition amplitudes of the perimeter model: these are the standard Virasoro constraints
and the additional Abelian constraints [1]. The general vertex operators (1) are already
built in a way to fulfill the conformal invariance of the amplitudes (5). All correlation
functions should also be restricted to fulfill the Abelian Θ = Π2 − 1 = 0 constraint. As a
result some of the vertex operators (1) are excluded as unphysical. This happens with the
lowest order vertex operator Vk,pi [6]. For the vertex operator Vk,pi the Abelian constraint
takes the form:
<: Π2(η) :: e ik·X(ζ)+ipi·Π(ζ) :>=<: e ik·X(ζ)+ipi·Π(ζ) :> . (9)
and reduces to the equation
−k2 ln2 |η − ζ | =
{
0 if kµ 6= 0 or πµ 6= 0
1 if kµ = 0 and πµ = 0
}
.
To eliminate the world-sheet coordinate dependence on the l.h.s. we have to impose at
least the massless condition
k2 = 0, (10)
which includes the point kµ = 0. Therefore the constraint is fulfilled for nonzero kµ and
breaks down at the point kµ = 0. Thus the constraint (9) can not be fulfilled in the
deep infrared region where kµ = 0 and the vertex operator Vk,pi should be abandoned as
unphysical.
The Abelian constraint Θ should be imposed on the higher order vertex operators Uk,pi
as well <: Π2(η) : Uk,pi(ζ) > = < Uk,pi(ζ) > and this condition is fulfilled if k
2 = 0 and
Trω = 0. (11)
Notice that now the V.E.V. on the r.h.s. is equals to zero < Uk,pi(ζ) >= 0.
Because the states created by the operator Vk,pi are unphysical the consistency of the
model requires that the transition amplitudes from fixed helicity state Uk,pi(0)|0 > to
the CSR state Vk,pi(0)|0 > must be equal to zero.
Let us therefore consider the vertex operators Uk,pi in more details. These operators
have the following operator product expansions [6] with the stress tensor T (η) = − :
∂ηX · ∂ηΠ [1]:
T (η)UµνXX(ζ) = −
1
(η − ζ)3
: (iπµ∂ζ¯X
ν + iπν∂ζ¯X
µ)eik·X+ipi·Π :
+ (
kπ + 1
(η − ζ)2
+
1
(η − ζ)
∂ζ)U
µν
XX(ζ),
T (η)UµνXΠ(ζ) = −
1
(η − ζ)3
: (iπµ∂ζ¯Π
ν + ikν∂ζ¯X
µ) e ik·X+ipi·Π :
+ (
kπ + 1
(η − ζ)2
+
1
(η − ζ)
∂ζ)U
µν
XΠ(ζ),
T (η)UµνΠΠ(ζ) = −
1
(η − ζ)3
: (ikµ∂ζ¯Π
ν + ikν∂ζ¯Π
µ)eik·X+ipi·Π :
+ (
kπ + 1
(η − ζ)2
+
1
(η − ζ)
∂ζ)U
µν
ΠΠ(ζ).
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The linear combination Uk,pi = ωUXX+2ϕUXΠ+χUΠΠ should be such that the leading
singularities (η−ζ)−3 cancel, making the operator product characteristic to the conformal
dimension-one primary fields. This leads to the equations
πµωµν + ϕνµk
µ = 0, πµϕµν + k
µχµν = 0, (k · π) = 0. (12)
An analogous expansion holds between T¯ (ζ¯) and the three vertices, leading to the equa-
tions
ωµνπ
ν + ϕµνk
ν = 0, πµϕµν + χνµk
µ = 0, (k · π) = 0. (13)
Because the tensors ω and χ are symmetric, both equations simply coincide.
The equations (11),(12) and (13) are not the only ones which are imposed on the
tensors ω, ϕ and χ. Indeed, as we just explained the lowest order vertex operator Vk,pi is
unphysical and the quantum mechanical consistency requires that the scattering of two
states created by the operator Uk,pi into the state created by Vk,pi must vanish. In the next
section we shall derive this condition.
3 The zero residue condition
Suppose that we are scattering n states which are created by the operators Uk,pi. To find
the poles and the corresponding residues of the intermediate states, which appear in the
tree diagram, we have to compute the operator product of the form
Uk1,pi1(ζ1) Uk2,pi2(ζ2) ≃ RES0 |ζ1 − ζ2|
2(k1pi2+k2pi1)−4 Vk1+k2,pi1+pi2(ζ2) +
RES1 |ζ1 − ζ2|
2(k1pi2+k2pi1)−2 Uk1+k2,pi1+pi2(ζ2) + ....., (14)
where in general the lowest order vertex operator Vk,pi has appeared on the r.h.s. together
with higher order ones. The corresponding residues are RES0, RES1 and so on. To find
this residues we have to compute the two-point correlation functions when k1π1 = k2π2 =
0. In the following we shall not discuss the contribution of the higher order operators on
the r.h.s., but should mention that their contribution should also vanish. Thus, the only
transitions which are permitted are between Uk,pi states of fixed helicity.
The two point correlation function of the vertex operator Uk,pi = ωUXX+2ϕUXΠ+χUΠΠ
contains six cross terms which have the form [6]:
< Uµ1ν1XX U
µ2ν2
XX > = π
µ1
2 π
ν1
2 π
µ2
1 π
ν2
1 |ζ1 − ζ2|
2(k1pi2+k2pi1)−4,
< Uµ1ν1XΠ U
µ2ν2
XΠ > = 2 {η
µ1ν2 ην1µ2 − ηµ1ν2kν12 π
µ2
1 − η
ν1µ2πµ12 k
ν2
1 +
+2πµ12 k
ν1
2 π
µ2
1 k
ν2
1 } |ζ1 − ζ2|
2(k1pi2+k2pi1)−4,
< Uµ1ν1ΠΠ U
µ2ν2
ΠΠ > = k
µ1
2 k
ν1
2 k
µ2
1 k
ν2
1 |ζ1 − ζ2|
2(k1pi2+k2pi1)−4,
< Uµ1ν1XX U
µ2ν2
XΠ > = (2π
µ1
2 π
ν1
2 π
µ2
1 k
ν2
1 − η
ν1ν2πµ12 π
µ2
1 − η
µ1ν2πν12 π
µ2
1 ) |ζ1 − ζ2|
2(k1pi2+k2pi1)−4,
< Uµ1ν1XX U
µ2ν2
ΠΠ > = (η
µ1µ2 ην1ν2 − ηµ1µ2πν12 k
ν2
1 − η
ν1ν2πµ12 k
µ2
1 +
+πµ12 k
µ2
1 π
ν1
2 k
ν2
1 )|ζ1 − ζ2|
2(k1pi2+k2pi1)−4,
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< Uµ1ν1XΠ U
µ2ν2
ΠΠ > = (2π
µ1
2 k
ν1
2 k
µ2
1 k
ν2
1 − η
µ1µ2 kν12 k
ν2
1 − η
µ1ν2 kν12 k
µ2
1 )|ζ1 − ζ2|
2(k1pi2+k2pi1)−4
and the full two point correlation function is:
< Uk1,pi1, Uk2,pi2 >=
=< ω1UXX + 2ϕ1UXΠ + χ1UΠΠ, ω2UXX + 2ϕ2UXΠ + χ2UΠΠ >
= RES0 |ζ1 − ζ2|
2(k1pi2+k2pi1)−4. (15)
Using the above pairs of correlation functions (15) we can get
RES0 = (π2ω1π2)(π1ω2π1) +
2tr(ϕ1ϕ2)− 2(ϕ1k2) (π1ϕ2)− 2(π2ϕ1) (ϕ2k1) + 4(π2ϕ1k2)(π1ϕ2k1) +
(k2χ1k2)(k1χ2k1) +
2(π2ω1π2)(π1ϕ2k1)− (π2ω1)(π1ϕ2) − (ω1π2) (π1ϕ2) +
tr(ω1χ2)− (ω1π2) (χ2k1)− (π2ω1) (k1χ2) + (π2ω1π2)(k1χ2k1) +
2(π1ω2π1)(π2ϕ1k2))− (π1ω2) (π2ϕ1)− (ω2π1) (π2ϕ1) +
2(π2ϕ1k2)(k1χ2k1)− (ϕ1k2) (χ2k1)− (ϕ1k2) (k1χ2) +
tr(χ1ω2)− (χ1k2) (ω2π1)− (k2χ1) (π1ω2) + (k2χ1k2)(π1ω2π1) +
2(k2χ1k2)(π1ϕ2k1)− (χ1k2) (ϕ2k1)− (k2χ1) (ϕ2k1) (16)
The vertex operator Vk1+k2,pi1+pi2 should have anomalous dimension ∆ equal to two (5)
2(k1+ k2) · (π1+π2) = 2(k1π2+ k2π1) = 2, therefore the transition amplitude to the state
Vk,pi(0)|0 > is equal to zero if
RES0 = 0, at k1π2 + k2π1 = 1. (17)
In summary we have the system of equations which define the tensors ω, ϕ and χ: they
are the equations (11),(12) and (13) together with (17) and (16).
When the above zero residue condition (17) is fulfilled then the three point space-time
vertex function will be given by the residue RES1:
Uk1,pi1(ζ1) Uk2,pi2(ζ2) ≃ RES1 |ζ1 − ζ2|
2(k1pi2+k2pi1)−2 Uk1+k2,pi1+pi2(ζ2) + ..... (18)
at ∆ = 2(k1 + k2) · (π1 + π2) + 2 = 2(k1π2 + k2π1) + 2 = 2, that is
k1π2 + k2π1 = 0. (19)
The general solution of the equations (11),(12), (13) and (17) has not been found yet, but
some particular two-parameter family of solutions of fixed helicity operators UTk,pi can be
found. The solution will be presented in the next section. Unfortunately the scattering
of this family of states creates the state which does not belong to the same family and
one should find more general solution. Nevertheless this exercise can provide necessary
information about the general solution.
4 Examples of Fixed Helicity Vertex Operators
Let us consider the derivatives of the operator Vk,pi
ULk,pi = ∂ζ∂ζ¯Vk,pi =: (ik · ∂ζX + iπ · ∂ζΠ )(ik · ∂ζ¯X + iπ · ∂ζ¯Π ) e
ik·X+ipi·Π :
6
If one takes the invariant (k · π) = 0, then the ULk,pi is a primary field of anomalous
dimension two and is of the same type as Uk,pi in (7). Comparing it with the general form
of the vertex operator Uk,pi in (8), one can conclude that it is the solution of (12) and (13)
of the form
ωµν = a kµkν, ϕµν = a kµπν , χµν = a πµπν . (20)
This state corresponds to the longitudinal mode and should decouple from the physi-
cal amplitudes. Indeed, suppose that we are scattering two longitudinal modes which
are given by the above tensors. Then using our two-point correlation function and the
expression for the corresponding residue (16) one can find
ULk1,pi1(ζ1) U
L
k2,pi2
(ζ2) ≃ (k1π2 + k2π1)
2(k1π2 + k2π1 − 1)
2
|ζ1 − ζ2|
2(k1pi2+k2pi1)−4Vk1+k2,pi1+pi2(ζ2) + ..... (21)
Because Vk,pi should have anomalous dimension equal to two the pole on the r.h.s. is at
the point k1π2+ k2π1 = 1 (17). This implies that the residue of the corresponding pole is
equal to zero
RES0 = (k1π2 + k2π1)
2(k1π2 + k2π1 − 1)
2 = 0.
Our aim now is to find new solution of the equations (12), (13) with the same property,
that is in their operator product the corresponding residue to the Vk,pi|0 > state is equal
to zero (17). The condition for that is that the polynomial (16) should vanish at the pole
(17): k1π2 + k2π1 = α + β = 1. The scalars k1π2 and k2π1 will appear frequently in our
calculations and we shall use special notation for them: α = k1π2 and β = k2π1.
Let us consider the three-parameter solution of equations (12), (13) for Uk,pi of the
form:
ωµν = (1 + ε) kµkν , ϕµν = (1 + δ) kµπν , χµν = (1 + ̺) πµπν , (22)
where ε, δ and ̺ are unknown. Substituting this parameterization into (16) we shall get
RES0 = ((1 + ε)
2 + (1 + ̺)2)α2β2
+ (1 + δ)22αβ(1− α− β + 2αβ)
+ (1 + ε)(1 + δ)2αβ(α2 + β2 − α− β)
+ (1 + ε)(1 + ̺)(α2 + β2 − 2α3 − 2β3 + α4 + β4)
+ (1 + δ)(1 + ̺)2αβ(α2 + β2 − α− β). (23)
At the pole α+β = 1 the corresponding residue should vanish, thus substituting α+β = 1
into the last equation we shall get
RES0 = [(1 + ε)
2 + (1 + ̺)2 + 4(1 + δ)2
− 4(1 + ε)(1 + δ)
+ 2(1 + ε)(1 + ̺)
− 4(1 + δ)(1 + ̺)] α2(1− α2)
= [(1 + ε) + (1 + ̺)− 2(1 + δ)]2 α2(1− α2). (24)
The residue RES0 is equal to zero if
ε+ ̺− 2δ = 0. (25)
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The last equation gives us two-parameter family of operators with required property
UTk,pi(ζ) = (1 + ε) :
(
k · ∂ζX k · ∂ζ¯X − π · ∂ζΠ π · ∂ζ¯Π
)
e ik·X(ζ)+ipi·Π(ζ) :
(1 + δ) :
(
k · ∂ζX π · ∂ζ¯Π+ k · ∂ζ¯X π · ∂ζΠ+ 2π · ∂ζΠ π · ∂ζ¯Π
)
e ik·X(ζ)+ipi·Π(ζ) : (26)
Thus we can select two independent vertex operators
UT1k,pi(ζ) =:
(
k · ∂ζX k · ∂ζ¯X − π · ∂ζΠ π · ∂ζ¯Π
)
Wk,pi(ζ) : (27)
and
UT2k,pi(ζ) =:
(
k · ∂X π · ∂¯Π+ k · ∂¯X π · ∂Π + 2π · ∂Π π · ∂¯Π
)
Wk,pi(ζ) : , (28)
where for both of them (k · π) = 0 and Wk,pi(ζ) = exp [ ik ·X(ζ) + iπ · Π(ζ) ].
We have to compute now the next term in the OPE of these operators as in (14) in
order to see if there are nonzero transitions to the states not belonging to this family. We
have
UT1k1,pi1(ζ1) U
T1
k2,pi2
(ζ2) ≃
(α2 − β2) :
(
k1 · ∂ζX k1 · ∂ζ¯X − π1 · ∂ζΠ π1 · ∂ζ¯Π− k2 · ∂ζX k2 · ∂ζ¯X + π2 · ∂ζΠ π2 · ∂ζ¯Π
)
+αβ
(
k1 · ∂ζX k2 · ∂ζ¯X + k2 · ∂ζX k1 · ∂ζ¯X + π1 · ∂ζΠ π2 · ∂ζ¯Π + π2 · ∂ζΠ π1 · ∂ζ¯Π
)
|ζ1 − ζ2|
2(k1pi2+k2pi1)−2 Wk1+k2,pi1+pi2(ζ2) : +....., (29)
and at the pole α + β = 0 we get
UT1k1,pi1(ζ1) U
T1
k2,pi2
(ζ2) ≃
αβ :
(
k1 · ∂ζX k2 · ∂ζ¯X + k2 · ∂ζX k1 · ∂ζ¯X + π1 · ∂ζΠ π2 · ∂ζ¯Π+ π2 · ∂ζΠ π1 · ∂ζ¯Π
)
|ζ1 − ζ2|
2(k1pi2+k2pi1)−2 Wk1+k2,pi1+pi2(ζ2) : +......(30)
The r.h.s. can not be collected into the UT1k1+k2,pi1+pi2 operator. Therefore the fusion of two
UT1 ’s of the above form does not scatter to the same state.
The same happens with the second operator UT2 , indeed
UT2k1,pi1(ζ1) U
T2
k2,pi2
(ζ2) ≃
αβ : (k1 · ∂ζX k2 · ∂ζ¯X + k2 · ∂ζX k1 · ∂ζ¯X + π1 · ∂ζΠ π2 · ∂ζ¯Π+ π2 · ∂ζΠ π1 · ∂ζ¯Π +
k1 · ∂ζX π2 · ∂ζ¯Π+ π2 · ∂ζΠ k1 · ∂ζ¯X + π1 · ∂ζΠ k2 · ∂ζ¯X + k2 · ∂ζX π1 · ∂ζ¯Π)
|ζ1 − ζ2|
2(k1pi2+k2pi1)−2 Wk1+k2,pi1+pi2(ζ2) : +.....(31)
5 Conclusion
The vertex operators of the tensionless string model have been constructed in [6] as
polynomials of the field derivatives ∂m1ζ X
µ1 , ..., ∂
m˜j
ζ¯
Πµ˜je ik·X(ζ)+ipi·Π(ζ) and have anomalous
dimension ∆ = 2(k · π) +m1+ m˜1+ ......+mj + m˜j . Of special importance is the vertex
operator for fixed helicity states
Uk,pi = ωµνU
µν
XX + 2ϕµνU
µν
XΠ + χµνU
µν
ΠΠ,
8
which is quadratic in field derivatives. Its anomalous dimension is ∆ = 2(k · π) + 2 = 2,
that is (k · π) = 0. The last invariant coincides with the length of the second Casimir
operator of the Poincare´ group W = (k ·π)2 = 0. Therefore it creates fixed helicity states.
All other operators have W 6= 0 and create continuous spin representations - CSR, which
are longitudinal modes in accordance with the conjecture made in [2].
In order to justify this picture one should prove that all transition amplitudes to the
states of continuous spin representations are equal to zero and that the only nonzero am-
plitudes are between fixed helicity states created by the Uk,pi operator. We don’t know the
full solution of this problem, but have been able to derive the conditions (12), (13) together
with (17) and (16) on the operator Uk,pi which guarantee the zero transition amplitude to
the state created by the lowest order CSR operator Vk,pi in tree approximation.
If the calculation of the conformal dimensions (4) for the vertex operators (1) was
for some reason incorrect, then the conclusion about V and U operators can in prin-
ciple be changed. For example, if there is some undefined source of contribution to
the conformal dimension in (4), then the conclusion indeed can change. Suppose that
there is an additional term to the conformal dimension like in the following formula
∆ = 2(k · π) +m1 + m˜1 + ...... +mj + m˜j + 2 , then V becomes physical operator and
U unphysical because of additional 2. The Abelian constraint Θ can be such a source
of additional contribution, through the corresponding Faddeev-Papov ghosts. But the
Faddeev-Popov determinant is trivial here because there are no derivatives in the Abelian
constraint Θ = Π2 − 1 = 0.
Let me also mention that it is generally expected that the tensionless limit α
′
→ ∞
of the standard string theory with the Nambu-Goto area action should have massless
spectrum, because all masses at every level tend to zero as M2N = (N − 1)/α
′
→ 0[5]. Of
course this simple conclusion ignores the importance of the high genus g diagrams, the
contribution of which Ag is exponentially large compared to the tree level diagram [5].
The ratio of the corresponding scattering amplitudes behaves as Ag+1/Ag ≃ exp{α
′
s/g2}
and makes any perturbative statement unreliable and requires therefore nonperturbative
treatment of the problem4.
The tensionless model with perimeter action suggested in [1, 2, 3] does not appear as
a α
′
→ ∞ limit of the standard string theory, as one could probably think, but has a
tensionless character by its geometrical nature [3]. Therefore it remains mainly unclear
at the moment how these two models are connected. However the perimeter model shares
many properties with the area strings in the sense that it has world-sheet conformal
invariance, contains the corresponding Virasoro algebra, which is extended by additional
Abelian generators. This makes mathematics used in the perimeter model very close to
the standard string theory and allows to compute its spectrum [1, 2] and to construct the
appropriate vertex operators [6].
Comparing literally the spectrum of these two models one can see that instead of
exponential growing of states in the standard string theory, in the perimeter case we
have only linear growing of physical states. In this respect the number of states in the
perimeter model is much less compared with the standard string theory and is larger
compared with the standard field theory models of the Yang-Mills type. From this point
of view it is therefore much closes to the quantum field theory rather than to the standard
string theory. At the same time its formulation and the symmetry structure is more
4The different aspects and models of tensionless theories can be found in [9, 10, 11, 12, 13, 14, 15].
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string-theoretical. Perhaps there should be strong nonperturbative rearrangement of the
spectrum in the limit α
′
→∞ before the spectrum of the area and the perimeter strings
can become close to each other.
I would like to thank Luis Alvarez-Gaume, Ignatios Antoniadis, Lars Brink and Kumar
Narain for stimulating discussions and CERN Theory Division for hospitality.
6 Appendix
The analysis of the physical Fock space is based on the equations which follow from
Abelian constraint Θ = Π2 − 1 = 0 [2]. The Πµ = 1
2
(ΠµL(ζ
+) + ΠµR(ζ
−)) field is
ΠµL = e
µ + kµζ+ + i
∑
n 6=0
1
n
αµne
−inζ+,
ΠµR = e
µ + kµζ− + i
∑
n 6=0
1
n
α˜µne
−inζ−. (32)
and for the lowest excitations it has the form
Πµ(σ, τ) = eµ + kµτ +
i
2
αµ1e
−iζ+ −
i
2
αµ−1e
iζ+ + ... (33)
Thus the constraint equation Π2 − 1 = 0 will take the form
Π2 − 1 = e2 − 1 +
1
2
α1α−1 +
k2 τ 2 + 2(e · k) τ +
i(k · α1) τ e
−iζ+ − i(k · α−1) τ e
iζ+ +
i(e · α1) e
−iζ+ − i(e · α−1) e
iζ+ −
−
1
4
α1α1e
−2iζ+ −
1
4
α−1α−1e
2iζ+ ..... = 0. (34)
In components it is equivalent to the system of constraint equations (formulas (32) in [2])
k2 = 0, k · e = 0, e2 = 1−
1
2
α1α−1, (35)
(k · α±1) = 0, (e · α±1) = 0. (36)
α1α1 = 0, α−1α−1 = 0. (37)
The question is what they mean for the oscillators αµ±1 .
To find an answer let us consider the world-sheet time τ evolution of the field Π(σ, τ).
We have to fix the initial conditions of the field Π(σ, τ). For that we have to define the
polarization vector e, the momentum k and the coefficients α±n in (32). Because of the
existence of the constraints, the variables e, k, α±n are not dynamically independent. The
equations (36) tell us that they are transverse and longitudinal at the same time. The
equations (37) tell us that they are light-like.
The polarization vector e can be equal to e1 or e2 where e1 and e2 are two fixed
perpendicular e1 ·e2 = 0 purely spatial vectors −e
2
0+~e
2 = 1 (i.e., whose e0 component is 0
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and for simplicity we are considering four-dimensional space-time) which are orthogonal
to the fixed light-like momentum vector k
k · e1 = k · e2 = 0. (38)
If we take the initial condition as (k, e1) then the constraint equations tell us that the
physical oscillations of α1 are those which are perpendicular to k and to e1
(k · α±1) = 0, (e1 · α±1) = 0,
thus
αµ±1 = α±1 k
µ +B± e
µ
2 , (39)
and substituting it into the last equation (14) we shall get α1α1 = B
2
+ = 0, that is B+ = 0.
We have also α−1α−1 = B
2
− = 0, thus B− = 0.
If we take the initial conditions in the second possible form (k, e2), then the constraint
equations will tell us that physical oscillations of the oscillators α±1 are in the e1 direction
and the oscillations in the e2 direction are forbidden
(k · α±1) = 0, (e2 · α±1) = 0,
thus
αµ±1 = α±1 k
µ +B± e
µ
1 (40)
and from the last equation (14) we shall get B± = 0. Therefore in all cases the oscillators
αµ±1 are purely longitudinal
αµ±1 = α±1 k
µ, (41)
and it is natural to introduce the scalar oscillators α±1. The Π field will take the form
Πµ(σ, τ) = eµ + kµ
{
τ +
i
2
α1e
−iζ+ −
i
2
α−1e
iζ+
}
+ ... (42)
In general case we shall have
Πµ(σ, τ) = eµ + kµ

τ + i
∑
n 6=0
1
2n
(αne
−inζ+ + α˜µne
−inζ−)

 . (43)
The last formula has clear physical interpretation: it defines the polarization vector eµ up
to a large gauge transformation of the from
eµ → eµ + kµf(τ, σ, an) . (44)
This was the classical consideration. In the course of covariant quantization our con-
straints will be translated into the constraints imposed on the wave function [2]. Because
the oscillators αµ±n = k
µ α±n are pure longitudinal, they create only zero norm states.
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